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Abstract
The main aim of the research is to develop the mathematical model of von-Mises Stress (VMS) to optimize the weight of the
chassis frame using FEA RSM hybrid modelling. Web thickness, upper flange thickness and lower flange thickness of the
sidebar are considered as input parameters. Sets of parameters for chassis frame variants are designed by employing Response
Surface Methodology (RSM) in statistical software, “MINITAB 16”. The regression equation for VMS is developed using the
Finite Element Analysis (FEA) results of different variants of the chassis frame. The analysis of variance (ANOVA) is performed
to statistically analyze the results. The individual effects of parameters and the combined effects of multiple parameters are
examined. Among the variable web thickness and lower flange had the most significant effect on the stress generated.
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1. Introduction
The chassis of an automobile provides mounting points for the components like engine, Driveline, suspension
system and wheels. The main functions of the chassis are to support the chassis components and the body and to
withstand static and dynamic loads without undue deflection or distortion. The frame must be rigid enough to
support or carry all the loads and forces that the vehicle is subjected to in operation. A frame must also be flexible
enough to handle shock loads and the twists, bends, sway and sag that it encounters under different road or load
conditions. The frame should be able to flex under different situations, while being able to return to its original
shape when loads or forces are removed.
The main objective of the study is to reduce the weight of Eicher 11.10 chassis frame. Fuel consumption and
weight reduction are the most important challenges for the automobile industry. The fuel consumption can be
reduced by weight reduction of the vehicle [1,2]. The chassis frame is made of two side members joined with a
series of cross members. The number of cross members, their locations, cross-section and the sizes of the side and
the cross members are the design variables. For the analysis of the chassis frame appropriate model of the chassis is
to be developed and analyzed by the Finite Element Method (FEM). To achieve the weight optimization, parameters
(Size Optimization) of the sidebar are changed. These variants of models are also analyzed by FEA to validate the
solution. Since the numbers and levels of parameters are more, the probable models are too many. So, to obtain the
optimum parameters among them large numbers of modeling and analysis work is required. These much modeling
and analysis consumes more time and money. To overcome this problem, Design of Experiment (DOE) technique
can be used along with FEA. In this study Response Surface Method (RSM) is used to reduce the number of
experiments [3].
Structural optimization using Finite Element Analysis (FEA) using computational tools has become a major part
in research and development process in recent years. This type of optimization processes requires considerable
computational cost based on the complexity of the problem. The practice of using the DOE techniques with FEA
reduces the computational effort significantly without affecting the final outcome of the study. Menon et al. (2007)
proposed an automation process in MATLAB that incorporates a response surface approximating tool called MQR.
The results obtained from the proposed method were compared with ANSYS Design Xplorer goal driven
optimization which was based on DOE and ANSYS First order optimization technique [4]. Firat et al. (2010)
presented process design technique for the formability assessment of sheet metal stamping parts and feasibility
analysis of process conditions. The proposed approach was based on numerical simulation of stamping processes by
using explicitly – incremental and implicit – iterative finite element techniques. An evaluation of computing
springbok distortions showed a good correlation with experimental results and confirmed the use of process
parameters estimated with the proposed design [5]. Vasundara et al. (2014) carried out research to predict the fixture
layout to minimize the maximum elastic deformation of the work-piece during machining. The finite element
method (FEM) has been employed to determine the work-piece elastic deformation. The position of the fixturing
elements is predicted using both Artificial Neural Networks (ANN) and Response Surface Methodology (RSM). In
this paper, a numerical example has been considered from the literature to compare the performance of ANN and
RSM [6]. Camposeco-Negrete (2014) used RSM for minimizing energy consumption and maximizing cutting
quality in turning of AISI 6061 T6 aluminum. A set of experimental runs was established using a Central Composite
Design, and the Response Surface Method was employed to obtain the regression model. The relationship between
cutting parameters and the response variables (energy consumption, surface roughness and material removal rate)
was analyzed. Energy consumption and surface roughness were minimized, while the material removal rate of the
process was maximized [7].
2. Material of Model
The material for the chassis is defined ST 52 which is widely used material for the chassis. The material properties
are as shown in Table 1.
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Table 1: Material properties of chassis [8]
Material ST 52
Modulus of Elasticity E 2 x 105MPa
Poisson’s Ratio 0.3
Tensile Strength 520 MPa
Yield Strength 360 MPa
3. Methodology
RSM is a collection of mathematical and statistical techniques for empirical model building. By careful design of
experiments, the objective is to optimize a response (output variable) which is influenced by several independent
variables (input variables). Response Surface Method is used to examine the relationship between a response and a
set of quantitative experimental variables or factors. Flow chart of the experiment is given in Figure 1.
Fig. 1 Flow chart of Experiment [9]
The selected process variables were varied up to five levels and central composite rotatable design was adopted to
design the experiments. Response Surface Methodology was used to develop a second order regression equation
relating response characteristics and process variables. The three parameters considered for this study are web
thickness (mm), upper flange thickness (mm) and lower flange thickness (mm). The parameters are set at five levels
each. The summary of the parameters is shown in Table 2.
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Table 2: Parameters and their levels
Process parameter Level
(-2) (-1) (0) (1) (2)
Web Thickness (X1) 3 4 5 6 7
Upper Flange Thickness (X2) 3 4 5 6 7
Lower Flange Thickness (X3) 3 4 5 6 7
The values of VMS for all variants are measured using ANSYS for finding out the optimum thickness of web, upper
flange and lower flange. Series of analysis is conducted to obtain the data sets for RSM model. Central composite
design is applied to select the control factor levels (thickness of web, upper flange and lower flange) to come up
with an optimal response value i.e. von-Mises stress.
4. Result and Discussion
Experiments were designed according to the test conditions specified by the second order central composite design.
The analysis were conducted for all data sets, with the process parameter levels set as given in Table 2, to study the
effect of process parameters over the output parameters. Experimental results for von-Mises Stress are given in
Table 3. Altogether 20 experiments were conducted to prepare data set for response surface model [10,11].
Table 3: Coded values of the variables and the response [10,11]
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X1, X2 and X3 represent coded values of various factors
All the coefficients are to be estimated using experimental data as shown in Table 4.
Table 4: Estimated Regression Coefficients
Term Coef SE Coef P
Constant 105.781 1.1219 0.000
A -8.615 0.7032 0.000
B -0.389 0.7032 0.593
C -6.443 0.7032 0.000
A*A -0.900 0.5609 0.140
B*B 0.082 0.5609 0.887
C*C 0.507 0.5609 0.387
A*B 0.155 0.9944 0.879
A*C 1.255 0.9944 0.235
B*C 0.670 0.9944 0.516
R-Sq = 96.01%  R-Sq(adj) = 92.42%
Model F-value of = 26.75  Lack-of-Fit P = 0.6444
The Model F-value of 26.75 implies the model is significant. The "Lack of Fit P-value" is not significant relative to
the pure error. Non significant lack of fit is good. The coefficient of determination (R2) and adjusted coefficient of
determination (R2 adj) were 96.01% and 92.42%, respectively, which indicated that the estimated model fits the
experimental data satisfactorily. Values of "P" less than 0.0500 indicates model terms are significant. In this case
web thickness A and lower flange thickness C are significant model terms.
Fig.2. Contour plot and 3d surface graph of desirability for web thickness and lower flange thickness
Contour plot and 3d surface graph of desirability (Figures 2) were drawn keeping input parameters in range, web
thickness and lower flange thickness at maximum and VMS at minimum. It can be interpreted that overall
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desirability value is less in the region of low web thickness and low level of lower flange thickness.
Fig.3. Residual plots for VMS
Four in one residual plots are drawn to check the data for the non normality, non-random variation, non constant
variance and outliers (Figures 3). The residuals follow an approximately straight line in normal probability plot, and
an approximate symmetric nature of histogram indicates that the residuals are normally distributed. Residuals
possess constant variance as they are scattered randomly around zero in residuals versus the fitted values. Residuals
exhibit no clear pattern in residual versus order plot, thus there is no undesirable effect. The normal probability plot,
residuals versus the fitted values, histogram plot, and residual versus observation order plot of these residuals do not
reveal any problem. The general equation for the proposed second order regression model to predict the response
can be written as equation (i):
Y = b0 + b1X1 + b2X2 + b3X3 + b11X1
2 + b22X2
2 + b33X3
2 + b12X1X2 + b13X1X3 + b23X2X3 (i)
The second-order polynomial models used to express the Von-Mises Stress as a function of independent variables
(equation (ii)) is shown below in terms of coded level:
VMS (CODED) = 105.781 - 8.61X1 - 0.38X2 - 6.44X3 - 0.89X1
2+ 0.08X2
2 + 0.5X3
2 + 0.15X1X2 + 1.25X1X3 +
0.67X2X3 (ii)
This equation is used to predict the VMS for set of independent variable given in Table 5 The comparison of
experimental VMS and predicted VMS is given in terms of standard error and R squared error.
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Table 5: C
Run Experimental von-
Mises Stress (MPa)
1 97.60
2 107.53
3 118.83
4 98.80
5 106.16
6 124.86
7 93.03
8 91.00
9 121.83
10 106.16
11 108.39
12 106.16
13 106.16
14 106.16
15 88.48
16 118.16
17 106.16
18 108.04
19 106.45
20 90.70
Fig.4. Comparison of exp
Figure 4 shows the comparison of experimental 
distribution is observed, which is indicative of a wel
omparison of results
Predicted von-Mises
Stress (MPa)
Error R2
101.14 -3.54
0.
96
01
106.26 1.27
120.57 -1.74
102.95 -4.15
105.78 0.38
120.70 4.16
94.92 -1.89
92.10 -1.10
123.00 -1.17
105.78 0.38
106.51 1.88
105.78 0.38
105.78 0.38
105.78 0.38
84.95 3.53
119.41 -1.25
105.78 0.38
106.89 1.15
105.33 1.12
91.23 -0.53
erimental vs. predicted VMS results
versus predicted VMS obtained from equation (ii). A lin
l-fitting model. The values predicted were close to the observ
ear
ed
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values of von-Mises stress.
5. Conclusions
Central composite RSM design was used to prepare prediction model to determine the von-Mises stress generated
for the given set of design parameters of the chassis. It is found that web thickness and lower flange thickness are
significant factors affecting the von-Mises stress. The second order polynomial equation developed in this study
shows a high correlation between observed and predicated von-Mises stress values. The FEM-based response
surface methods have effectively decreased the time and efforts required for evaluating the design variables of
implants. VMS generated using FEA are shown excellent agreement with the RSM predicated result.
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